A rabbit immunized with a highly purified preparation of rat liver [3H] (3, 4) . Furthermore, the receptor may be covalently modified during the process of nuclear uptake (5). In these situations, methods are needed for direct detection and isolation of the receptor. Antibodies to the glucocorticoid receptor would greatly aid the analysis of such altered receptors. This report describes the properties of an antiserum produced to a highly purified preparation of rat liver [3H]triamcinolone-receptor complex. IgG was purified from this serum and covalently immobilized on Sepharose CL-4B. The IgG-Sepharose is an effective and specific adsorbent of the rat liver glucocorticoid receptor and does not react with other rat glucocorticoid-binding proteins such as transcortin. In addition, this antiserum demonstrates species specificity.
1 mM EDTA, 0.5 mM dithiothreitol, and 10% (vol/vol) glycerol; NaCl was added at concentrations indicated in text. Radioactive and unlabeled steroids were added to homogenates before the high-speed centrifugation step (100,000 X g, 1 hr).
[3H]Triamcinolone acetonide (20 Ci/mmol), [3H]estradiol (110 Ci/mmol), and [3H]corticosterone (53 Ci/mmol) were obtained from New England Nuclear (1 Ci = 3.7 X 1010 becquerels).
Immunization Protocol. The activated form of the [3H]-triamcinolone-receptor complex was purified approximately 10,000-fold (to specific activity of 6500 pmol of [3Hjtriamcin-olone per mg of protein) by using previously described conditions for two-stage DNA-cellulose chromatography (6) . The purified receptor preparation (obtained from 20 ml of crude liver cytosol) in 3-5 ml of HEDG buffer containing 0.45 M NaCl was mixed with an equal volume of complete Freund's adjuvant (Calbiochem, Irvine, CA). The emulsified material was injected at multiple sites into the gluteal muscles of two male New Zealand rabbits. With freshly prepared antigen, injections were repeated 2 and 10 weeks after the initial injection. Each rabbit received approximately 100 Immunoaffinity Chromatography. IgG was purified from serum by the method of Goding (7), using staphylococcal protein A-Sepharose (obtained from Pharmacia). The 0.1 M acetic acid eluate containing purified IgG was dialyzed against 0.5 M NaCl/0.1 M NaHCO3, pH 9 .0 (coupling buffer) for 18 hr at 4°C. CNBr-activated Sepharose (1 g) obtained from Pharmacia was swollen and washed in 1 mM HCO and then washed with coupling buffer. Three milligrams of purified IgG in 5 ml of coupling buffer was mixed with the activated Sepharose and the suspension was rotated end-over-end for 2 hr at 20°C. Unbound protein was removed by washing with coupling buffer, and remaining active groups were allowed to react with 0.2 M glycine, pH 8.5, for 2 hr. The gel was washed with three cycles of 0.1 M acetic acid followed by coupling buffer. The gel was then washed with HEDG buffer containing 0.5 M NaCl and stored in this buffer in the presence of 0.02% sodium azide. As judged by measurement of protein in supernatants of the coupling mixture, 80-85% of the IgG was coupled by this procedure. The gel was equilibrated in HEDG buffer containing 0.5 M NaCI and then packed into a column (1.0 cm inside diameter) with a bed volume of 3 ml. Cytosol samples were adjusted to NaCl concentration of 0.5 M by addition of HEDG buffer containing 2.5 M NaCl. Samples (5-20 ml) were applied to the column by gravity flow. The column was then Abbreviations: triamcinolone, 9a-fluoro-1 1f3,16a,17,21-tetrahydroxy-pregna-1,4-diene-3,20-dione; HEDG buffer, Hepes/EDTA/ dithiothreitol/glycerol buffer. 3893
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Proc. Natl. Acad. Sci. USA 77 (1980) washed with 50 ml of HEDG buffer (0.5 M NaCl). The column was eluted with 10 ml of 0.1 M acetic acid to remove bound protein and radioactivity. The column was washed with HEDG buffer containing 100 mM Hepes and then with HEDG (0.5 M NaCl). Immune IgG-Sepharose for the experiments described in this communication was prepared from serum obtained 3 months after the final injection of the rabbit.
Other Chromatographic Methods. Gel permeation chromatography was done with Sephacryl S-300 superfine (Pharmacia). The gel was equilibrated in HEDG buffer (0.5 M NaCl), and the columns (0.9 cm inside diameter X 50 cm) were prepared. The column was calibrated with proteins of known Stokes radius (obtained from Pharmacia). Cytosol samples were adjusted when necessary to 0.5 M NaCl and then applied to the column and chromatographed by descending flow (5 ml/ hr).
Protein A-Sepharose (Pharmacia) was equilibrated in HEDG buffer containing 0.1 M NaCL. Columns (0.7 cm inside diameter) were prepared containing 0.5-ml bed volume of protein ASepharose. Samples were applied to the column, and the columns were then washed with 10 The pI of the receptor is altered during the process of thermal "activation" of the DNA-binding site. Various studies also indicate that the receptor undergoes a conformational change when it binds to glucocorticoids. Because these conformational 8 [3Hjestradiol in the presence or absence of 1 jzM estradiol for 1 hr at 41C, and samples (7 ml) were chromatographed. * Tabulated values were corrected for nonspecific adsorption by subtraction of dpm adsorbed in the presence of 100-fold excess unlabeled steroid. t Macromolecule-bound steroid determined by gel filtration.
were adsorbed equally well by the immune IgG-Sepharose column (10) .
Specificity of Immunoadsorption. Although the above experiments indicated a high degree of molecular specificity of the antibody, it was important to determine if other glucocorticoid-binding proteins and other steroid-binding proteins in liver reacted with the antibody. Transcortin, the serum binding protein for glucocorticoids, was labeled with [3H]corticosterone and chromatographed on immune IgG-Sepharose. As shown in Table 2 , less than 2.5% of the applied specifically bound [3H]corticosterone was adsorbed by the column. Glucocorticoid binder lB also does not react with the immune IgG-Sepharose (10) . Rat liver is a target organ for esrgens and contains an estrogen-binding protein that is a putative estrogen receptor (11) . An estrogen-binding protein was detected (Stokes radius ;40 A) in rat liver cytosol, but it was not adsorbed by immune IgG-Sepharose ( The receptor preparation used as antigen in these experiments was estimated to be 10-30o pure glucocorticoid receptor (6) . Wrange et al. (13) have recently used a similar procedure (based on DNA-cellulose chromatography of the receptor complex in its nonactivated and activated forms) andbave attained purification to 85% of homogeneity. These investigators give substantial evidence that the major glucocorticoid receptor from rat liver has a Mr of 89,000 on sodium dodecyl sulfate/ polyacrylamide gels. Another protein, accounting for 15% of the protein in the receptor preparation, has a Mr of 75,000. A Mr of 78,000 for the glucocorticoid receptor has been calculated from gel permeation and velocity sedimentation data (14) . In contrast, Govindan and Sekeris (15) have used a derivative of 1 -deoxycorticosterone for purification of the rat liver glucocorticoid receptor. These investigators isolated a protein with Mr 45,000; the conditions used for this purification appear to favor proteolysis (16) , and it is possible that this protein is the 37-A, Mr 44,000 proteolytic fragment described by Wrange and Gustafsson. Govindan and Sekeris have prepared antibodies to the purified receptor, and these antibodies clearly react with the glucocorticoid receptor in crude cytosol preparations (15) .
As shown in Figs. 1 and 2 , the Stokes radius of the glucocorticoid receptor is 50-55 A. This represents the nonaggregated form of the receptor (9); hence, it is likely that the antibodies react directly with the receptor and not with proteins in an aggregate. Because the antigen used was not pure receptor, it is possible that some antibodies are directed against proteins other than the glucocorticoid receptor. The Mr 78,000 protein band demonstrated in Fig. 4 may contain the denatured glucocorticoid receptor; this protein is similar in size to the minor component in the receptor preparations of Wrange et al. (13) . As noted by Wrange et al. (13) , this component may be a proteolytic product of the major Mr 89,000 form of the receptor, but this possibility has to be proved rigorously by further experimentation.
It is informative to compare the properties of the antiserum described in the current report with the antiserum to the estrogen receptor prepared by Greene et al. (17) . These investigators also used partially purified receptor preparation as antigen. The resultant antibodies did not cause precipitation of the estrogen receptor. Although the initial antibody preparation reacted with estrogen receptor from several species, Greene et al. (18) have recently reported the production of species-specific antibodies to the estrogen receptor in cloned hybridoma cells. Fox (19) has found that nonspecific stimulation of the immune system can result in serum factors that form complexes with the estrogen receptor. These factors, which copurify with IgG, react only with the 5S "activated" form of the estrogen receptor complex and show no species specificity. In contrast, the antiserum described in this report reacts with the glucocorticoid receptor in its nonactivated and activated forms and demonstrates species specificity. Furthermore, we have tested sera from rabbits and mice immunized with various antigens and have not detected anti-glucocorticoid receptor antibodies.
In the current experiments, immunological crossreactivity was measured by determining the adsorption of a steroidbinding protein by the immunoaffinity column. Thus, 80% or more of an applied load of rat liver glucocorticoid receptor is adsorbed by the column. The capacity of the 3-ml immunoaffinity column is "saturated" with cytosol loads above 200 pmol of receptor (20 ml of cytosol) and the relative adsorption decreases. In the experiment shown in Table 2 , equal amounts of liver cytosol from other rodents were applied to the column; the relative adsorption of [3H]triamcinolone-receptor complex was greatly decreased. This finding probably indicates that only a small proportion of the antibodies recognize antigenic determinants present on mouse and hamster liver receptors. By using immunoadsorption techniques, it may be possible to purify antibodies that do not crossreact with mouse glucocorticoid receptor. The species specificity is a unique and interesting property of the antiserum described in this report. Potential uses for this particular property of the antiserum include study of the expression of receptor in interspecies somatic cell hybrids and identification of the chromosome that carries the structural gene for the glucocorticoid receptor.
